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EXECUTIVE SUMMARY

This report summarizes the Integrated lcing Diagnostic Algorithm (IIDA) Assessment conducted
at the Aviation Weather Center (AWC) in Kansas City, Missouri, from March through May 1998.
Specific results, conclusions, and recommendations for the assessment are detailed within this

report.

The Research Applications Program at the National Center for Atmospheric Research
(NCAR/RAP) has developed the IIDA by combining a number of icing detection techniques into
an integrated algorithm that makes use of the strengths of each technique while simuitaneously
minimizing individual weaknesses. The IIDA makes use of satellite imagery, numerical weather
prediction model output, radar reflectivity mosaic, and surface weather observations. The
algorithm output consists of three-dimensional grids of Icing Potential and Supercooled Large
Drop (SLD) Potential, augmented by several derived intermediate products to aid in assessing
icing type and meteorological conditions associated with the icing.

The assessment was conducted by the Federal Aviation Administration (FAA) William J.
Hughes Technical Center, Weather Branch (ACT-320). The assessment took place at AWC
and involved collecting feedback from Area Forecasters responsible for issuing aviation
weather advisories and warnings. The purpose of the assessment was to evaluate the current
utility of the integrated algorithm and to guide NCAR/RAP in making improvements to the
algorithm. In particular, the assessment collected feedback from AWC forecasters on their
subjective perception of the value of the current [IDA as well as suggestions for improvements.

The resuits of the assessment indicated that there was value to integrating various icing
detection techniques. In addition, the IIDA Icing Potential product appeared to provide the most
benefit. AWC forecasters provided several suggestions for further enhancements to the |IDA.
Whiie the IDA performed well when aircraft icing was the result of very organized, synoptic-
scale weather systems, its performance was not significantly different than existing sources of
icing information available to the AWC forecasters. However, it was noted that AWC is a
relatively rich data environment, providing forecasters with a multitude of products to choose
from in order to assist in the formation of aviation weather products.

The results of the assessment also indicated the lIDA SLD Potential product did not appear to
perform well. The assessment results were not sufficient to provide reasons why the
performance may have been poor. It is possible that SLD conditions did not exist in the
atmosphere during the assessment period or the small areas of SLD Potential may not be
represented within the format of the AWC issued advisories and warnings.

Recommendations from the assessment focus on further development of the [IDA including the
development of a forecast capability that incorporates icing intensity.

vii




1. INTRODUCTION.

1.1 BACKGROUND.

The Research Applications Program at the National Center for Atmospheric Research
(NCAR/RAP) has conducted research and development activities for improvement of in-flight
icing detection and forecasting since 1989. Efforts have focused upon applying algorithms to
operational model output; using Geostationary Orbiting Environmental Satellite (GOES) data for
detection of supercooled liquid at cloud top; combining surface observations and mode! outputs
to diagnose supercooled large drop (SLD) conditions; and developing microphysical
parameterizations for numerical weather models. To date, most of the icing diagnosis work has
utilized single instruments or models. By themselves, these individual techniques are not
adequate to diagnose icing conditions in every possible case. Each technique has its own
strengths and weaknesses. A possible method of providing an improved icing diagnosis is to
combine a number of techniques into an integrated algorithm that makes use of the strengths of
each while simultaneously minimizing individual weaknesses. In recent years, NCAR/RAP has
used “fuzzy logic” techniques for this sort of integration with considerable success. This
approach lends itself well to icing problems, and is being pursued for the development of an
integrated icing algorithm.

For the 1997-98 winter season, NCAR/RAP prepared an integrated Icing Diagnostic Algorithm
(lIDA) which makes use of GOES-8 satellite imagery, model output from the National Centers
for Environmental Prediction (NCEP) Rapid Update Cycle (RUC), Next Generation Weather
Radar (NEXRAD) reflectivity mosaic, and National Weather Service (NWS) surface
observations. The algorithm output consisted of a three dimensional (3-D) grid of icing
potential, scaled from 0 (no icing) to 100 (icing very likely). This was augmented by several
derived intermediate products to aid in assessing icing type and the meteorological conditions
associated with the icing. The [IDA currently does not have a forecast capability.

The initial assessment of the IIDA was conducted at the Aviation Weather Center (AWC) from
March through May 1998. Personnel from the Federal Aviation Administration (FAA) William J.
Hughes Technical Center (FAA Technical Center) Weather Branch (ACT-320) conducted the
assessment in order to evaluate the current utility of the integrated algorithm and to guide
NCAR/RAP in making improvements to the algorithm. In particular, the assessment collected
feedback from AWC forecasters on their subjective perception of the value of the current IIDA
as well as suggestions for improvements.

1.2 PURPOSE OF REPORT.

The purpose of this report is to document |IDA assessment activities, results, conclusions, and
recommendations. This report will be provided to NCAR/RAP to assist with future development
of the IIDA. Note that NCAR/RAP is conducting IIDA verification activities to measure the
meteorological accuracy of the product. NCAR/RAP will be responsible for issuing a separate
report on their verification work.




2. REFERENCE DOCUMENTS.

a. FAA-STD-024B; US Department of Transportation, Federal Aviation Administration
Standard; Content and Format Requirements for the Preparation of Test and Evaluation
Documentation.

b. Assessment Plan for the In-flight Icing Product Development Team Integrated Icing
Diagnosis Algorithm (IIDA), FAA Technical Center and NCAR, February 27, 1998.

3. PRODUCT OVERVIEW.

The IIDA is an algorithm designed to integrate various data sources and provide a diagnosis of
the potential for in-flight icing. Specific inputs, outputs, and hardware are described in the
following sections.

3.1 _IIDA COMPONENTS.

The 1IDA uses the following data inputs:
a. GOES-8 multi-spectral satellite imagery;
b. RUC model output (Temperature, Relative Humidity, and Height);

c. NEXRAD reflectivity mosaic (NEXRAD Information Dissemination Service [NIDS]
product);

d. NWS surface observations, including cloud coverage, ceiling height, and precipitation

type.

The HIDA output consists of:

a. 3-D grids of Icing Potential, scaled from 0 (no icing) to 100 (icing very likely),
b. 3-D grids of SLD Potential, scaled from 0 (no SLD icing) to 100 (SLD icing very likely),
c. 3-D grids of Icing Type, scaled from 0 (rime) to 50 (mixed) to 100 (clear).

The lIDA data fields are scaled to match the standard RUC-2 data grid (40 kilometer (km) in the
horizontal directions with 40 levels), with output produced on an hourly basis. Augmenting the
primary output grids are several derived intermediate products in the form of two-dimensional
(2-D) gridded data fields intended to aid in assessing in-flight icing. The intermediate 2-D
products are:

a. Cloud Bases and Tops,
b. Icing Bases and Tops,
c. SLD Bases and Tops.

For the 1997-98-winter season, the 1IDA products were exclusively a diagnosis of the real-time
conditions; there was no forecast capability.



3.2 HARDWARE SYSTEM.

The IIDA software ran at NCAR/RAP on a Sun Ultra Sparc 1 workstation. Output grids and
intermediate products were produced hourly and placed on the NCAR server. The AWC
obtained the output via an automated file transfer process over the Internet. At AWC, the
output and intermediate products were displayed on the Advanced Weather Interactive
Processing System for National Centers (N-AWIPS), AWC'’s meteorological workstation.
N-AWIPS consists of a Hewlett-Packard workstation with dual monitors for the display and
animation of meteorological fields.

Forecasters viewed the IIDA in a four-panel N-AWIPS display. Three of the panels were color-
filled contours of the three IIDA products at each level from 1000 millibars (mb) to 400 mb. The
fourth panel showed Icing Pilot Reports (PIREP). Also available were single panel displays of
1000-400 mb Composite Maximum Icing and SLD Potential, Icing Bases and Tops, SLD Bases
and Tops, and Cloud Bases and Tops.

4. ASSESSMENT DESCRIPTION.

4.1 ASSESSMENT SCHEDULE AND LOCATION.

Prior to the formal start of the assessment, NCAR personnel conducted training on February 11
and 12, 1998. The training included information on in-flight icing physics and lIDA background
information. However, due to implementation problems, the |IDA was not available for hands-
on training by AWC personnel. During the same time period as training, ACT-320 personnel
conducted baseline observations and interviews with AWC area forecasters responsible for
preparing lcing Airmen’s Meteorological Statements (AIRMET) and Significant Meteorological
Statements (SIGMET).

The actual {IDA Assessment was divided into two phases, both of which were conducted at
AWC. The first phase was conducted on March 27 through April 10, 1998. This phase
consisted of AWC area forecasters completing a daily questionnaire on the performance of the
IIDA in regards to the preparation of Icing AIRMETSs.

The second phase of the [IDA assessment consisted of ACT-320 personnel conducting
observations and interviews with AWC area forecasters. These observations and interviews
were conducted on April 27 and 28, 1998. Forecasters completing a second questionnaire,
separate from the one described above that assessed the overall utility, reliability, and accuracy
of the {IDA foillowed the observations and interviews. This questionnaire was administered from
May 7 through 15, 1998.

4.2 PARTICIPANTS.

Fifteen AWC area forecasters participated in the first phase of the |IDA Assessment (i.e., the
daily questionnaire) and 13 forecasters completed the questionnaire in the second phase. Of
the 15 area forecasters participating in the assessment, ACT-320 personnel were able to
observe and interview 10. The total number of AWC area forecasters operating at AWC during
the assessment period was 17. Thus, the total number of participants was considered as a
representative sample of the area forecaster population.




4.3 APPROACH.

The IIDA Assessment consisted of obtaining subjective feedback from AWC area forecasters.
The forecasters reviewed the |IDA output and intermediate fields during normal operational
shifts. ACT-320 personnel collected feedback on forecasters’ impressions of the algorithm
through the use of questionnaires, interviews, and operational observations. Resuits were
determined from analyzing and summarizing the feedback.

4.3.1 Phase 1.

The first phase of the IIDA Assessment addressed the day-to-day performance of the {IDA and
its utility in producing Icing AIRMETs and SIGMETs. Forecasters completed a daily
questionnaire once per shift. The questionnaire was installed in an electronic format on a PC
located in the forecaster work area at AWC. After completing the questionnaire, the
forecaster’s responses were automatically transferred to a Microsoft Access database on the
PC. ACT-320 personnel performed a daily file transfer to access the most current version of
the database.

4.3.2 Phase 2.

The second phase of the IIDA Assessment addressed the overall utility, reliability, and accuracy
of the IIDA as perceived by AWC forecasters. ACT-320 personnel conducted observations and
interviews, followed by forecaster completion of a questionnaire separate from the daily
questionnaire used in phase 1. The observations and interviews were used to solicit
information that may not have been ratable within the questionnaire format used in the first
phase. The questionnaire addressed the overall utility, reliability, and accuracy of the IIDA.
Forecasters completed the questionnaire once at the end of the assessment period. The End-
of-Assessment Questionnaire was installed in an electronic format on the same PC located in
the forecaster work area at AWC that was used for the daily questionnaire. The database was
transferred to ACT-320 personnel at the end of the assessment period for data analysis.

4.4 ASSESSMENT OBJECTIVES.

The objectives of the IIDA assessment were:

a. Determine if there is value to integrating the various intermediate fields into a single
output field;

b. Subjectively assess the value of the various intermediate products, specifically:

1. What components of the IIDA appear to be providing the most benefit for identifying
areas of aircraft icing?

2. What components could be added to improve algorithm performance?
3. Under what situations does the IDA perform well or not perform well?

c. Subjectively identify how the lIDA performance compares to current methods used by
AWC forecasters for identifying the presence of aircraft icing conditions.
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d. Identify AWC data inputs and platforms so that further development can be tailored to
AWC operations.

4.5 ASSESSMENT DESCRIPTION AND METHODOLOGY.

4.5.1 Baseline Measures.

Concurrent with the preassessment training effort, baseline measures were obtained by
ACT-320 personnel. The data inputs, platforms, and current procedures used by AWC area
forecasters in determining icing AIRMETs and SIGMETs were identified. This information was
collected in order to provide a comparison between current methodologies and lIDA. The
information was obtained by ACT-320 personnel via forecaster interviews and observations of
forecast operations.

4.5.2 Daily Questionnaire.

The purpose of the questionnaire was to rate each of the IIDA 3-D and 2-D components, and
other products that AWC forecasters use to produce Icing AIRMETs and SIGMETs. Ratings
were based on a 5-point Likert rating scale. In addition, each forecaster recorded a subjective
measure of the icing Potential and SLD Potential as compared to Icing PIREPs. Open-ended
questions were also included soliciting suggestions for improvements, note-worthy
performances, or other comments.

AWC forecasters were able to briefly note any negative or positive performance aspects of the
algorithm during day-to-day use. Information from the daily questionnaire was used to identify
specific instances of algorithm performance along with the date and tlme of the occurrence. A
copy of the questionnaire is included in appendix A.

4.5.3 Interviews.

The IIDA Assessment included personal interviews of AWC area forecasters conducted by
ACT-320 personnel. The intent of the interviews was to solicit information that was not ratable
within the questionnaire format. Data from interview questions was used to provide insight into
issues pertaining to the algorithm that were difficuit or too time consuming for a user to write
down. In addition, more detailed information, clarification on reported problems or benefits, and
other pertinent comments were obtained during the interview process.

4.5.4 Observations.

Observations of AWC forecasters’ use of [IDA during actual operations occurred in conjunction
with the forecaster interviews discussed in section 4.5.3. ACT-320 personnel used observation
logs to record how and under what circumstances the |IDA was used, whether other methods
were usedto produce icing AIRMETs and SIGMETs, and any additional feedback from the
forecasters on duty. Observations were nonobtrusive to AWC operations.




4.5.5 End-of-Assessment Questionnaire.

In addition to the observations and interviews, AWC forecasters were provided the opportunity
to complete a final questionnaire addressing the overall utility, reliability, and accuracy of the
3-D output fields of Icing Potential; SLD Potential; and Icing Type. Users also answered
questions about the utility, reliability, and accuracy of the six 2-D IIDA intermediate product
fields consisting of Cloud Bases and Tops, Icing Bases and Tops, and SLD Bases and Tops.

The questionnaire also included a number of open-ended questions soliciting suggestions for
improving the algorithm, including suggestions for possible additional inputs and/or
combinations of inputs. A copy of the questionnaire is included in appendix B.

4.5.6 Data Collection and Analysis.

Data collection was accomplished by administering the two separate questionnaires previously
discussed, supplemented by on-site observations and interviews.

Product ratings from the daily questionnaire were analyzed using frequency distributions to
determine which products (both of the IIDA and existing AWC capabilities) were rated most
important in the preparation of icing AIRMETs and SIGMETs. Since the number of daily
questionnaires completed by each AWC forecaster varied, the median was used to determine
an overall individual user response to each product rating. This was done to reduce the bias
from users who completed the daily questionnaire several times during the assessment period.
The individual user response median was used as a single data point in the frequency
distribution for the product ratings.

The median score is the most appropriate measure of central tendency when using ordinal data
(e.g., questionnaire ranking scales) as it relies on a ranking process. The median is the mid-
point of the observations. When there is an even number of observations, no unique center
value exists, so the mean of the two middle observations is taken as the median value.

The perceived accuracy of the Icing Potential and SLD Potential from the daily questionnaires
was analyzed using frequency distributions to determine the range where the greatest
concentration of moderate or greater icing PIREPs occurred. Each individual response was
retained as a separate, independent, data point since weather conditions changed from day to
day.

Ratings on product and component utility, reliability, and accuracy from the end-of-assessment
questionnaire were analyzed using frequency distributions. Each user only completed the
questionnaire once, thus there was no need to calculate and use the median in these frequency
distributions. Each response was used as a single data point in the frequency distributions.

In addition, comments to interview questions were recorded and summarized. Recurring
comments were tabulated.
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5. RESULTS AND DISCUSSION.

This section presents the results of the IIDA Assessment. Section 5.1 discusses factors that
may have affected the results. Section 5.2 discusses the results from the Daily Questionnaire.
Section 5.3 discusses results from the Observations and Interviews. Section 5.4 discusses the
resuits from the End-of-Assessment Questionnaire.

5.1 FACTORS AFFECTING RESULTS.

5.1.1 Training.

Due to delays in implementing the IIDA at AWC, NCAR personnel did not provide formal
training on the algorithm itself. A seminar was presented on the science of in-flight icing and a
description of {IDA. However, no formal training (either in a group setting or one-on-one) ‘
involved the actual lIDA. As a result, forecaster familiarity with the 1IDA products and
components appeared to be lacking in some instances. This may have influenced forecasters’
use or non-use of the 1IDA during the assessment period. Examples obtained from different
phases of the assessment supported forecaster unfamiliarity. Specific examples included:

a. A forecaster stating during interviews they were not familiar with the algorithm;
b. A forecaster did not know Icing Type was available.
c. A forecaster requested that satellite imagery be incorporated within the |IDA.

5.1.2 Forecaster Preferences.

The AWC forecasters operate in a time-crucial environment, often without significant time
available to review new products. In addition, the average AWC area forecaster has several
years experience in producing AIRMETs and SIGMETs. Forecasters tend to use products that
they have confidence in and seem reluctant to deviate from familiar products and procedures
once confidence has been gained. Thus, any product introduced to AWC forecasters has to
overcome inherent biases resulting from the time-crucial environment and the use of favored
products. If new products and algorithms, such as the IIDA, are introduced without verification
information demonstrating potential improvement over existing products, forecasters may be
reluctant to use or even look at a product.

5.2 DAILY QUESTIONNAIRE RESULTS.

5.2.1 Product Rankings.

As described in section 4.5.2, forecasters evaluated each of the IIDA 3-D products and 2-D
components as well as current products that AWC forecasters use to produce Icing AIRMETs
and SIGMETs. Ratings were based on a 5-point Likert scale using the following ratings:

1 = The product or component was not used.

2 = The product or component had no vaiue.

3 = The product or component had little value.

4 = The product or component had value.

5 = The product or component had the highest value.




Results of the forecasters’ responses were tabulated and are shown in table 1. Products were
ranked according to the median value of the responses and the number of users. As explained
in section 4.5.6, the median of each user was used in the tabulation in order to reduce any bias
due to some users providing responses on more occasions than other users. (Note that since
the median of an individual user could be a multiple of 0.5, the median of an individual product
could be a muitiple of 0.25.) Products with equal median values were ranked according to the
number of users who actually used the product. A product with an equivalent median value as
another product would be ranked higher (lower) if a greater (lesser) number of users used the
product.

The results in table 1 show that the highest ranked products (i.e., Graphical PIREPs, Textual
PIREPs, Rawinsonde Observations [RAOB], and Satellite Images) are observations, rather
than forecasts. This indicates the reliance that AWC forecasters place on observations of
current conditions in producing their AIRMETs and SIGMETs. The highest ranking of any [IDA
product or component was the Icing Potential, which ranked 11th out of 19 products.

TABLE 1. RANKINGS FOR PRODUCTS USED TO PRODUCE ICING AIRMETS AND

SIGMETS

Product Rank Number of Users Median Ranking
Graphical PIREPs 1 15 4.00
Text PIREPs 1 15 4.00
RAOB 1 15 4.00
Satellite 1 15 4.00
AIRMETs 5 13 4.00
NCAR/RAP Icing Algorithm 5 13 4.00
Neural Net Icing Product 7 12 4.00
(NNICE)
Equivalent Potential Vorticity 8 7 4.00
(EPV) Sounding
Constant Altitude Plan Position 9 13 3.50
Indicator (CAPP})
Model Temperature (T) and 10 10 3.25
Relative Humidity (RH)
Soundings
Radar 11 15 3.00
IIDA Icing Potential 11 15 3.00
IIDA Icing Bases & Tops 13 13 3.00
[IDA SLD Potential 14 12 3.00
IIDA Icing Type 15 11 3.00
Stovepipe 16 8 3.00
IIDA Cloud Bases and Tops 17 12 2.75
[IDA SLD Bases and Tops 18 11 2.50
Freezing Precipitation 19 11 2.00
Observations (Precip. Obs.)

Product rankings according to forecaster shifts are shown in tables 2, 3, and 4. The Day Shift
is from 7:00 am to 3:00 pm; the Evening Shift from 3:00 pm to 11:00 pm; and the Mid-Shift from
11:00 pm to 7:00 am (all times are Central Standard Time).
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The results for the Day Shift (table 2) show the Icing Potential product rising to a ranking of 3
from 11 for all the shifts. The Evening Shift shows a slight increase from 11th to 9th; while the
Mid-Shift showed an increase to 7th. The reason for the significant increase during the Day

Shift is currently not understood.

TABLE 2. DAY SHIFT RANKINGS FOR PRODUCTS USED TO PRODUCE ICING AIRMETS

AND SIGMETS
Product Rank Number of Users Median Ranking
Satellite 1 9 5.00
EPV Sounding 2 2 4.50
IIDA Icing Potential 3 9 4.00
NCAR/RAP Icing Algorithm 4 8 4.00
RAOB 4 8 4.00
Text PIREPs 4 8 4.00
Graphical PIREPs 4 8 4.00
AIRMETs 8 7 4.00
CAPPI 8 7 4.00
NNICE 8 7 4.00
Model T & RH Soundings 11 4 3.50
Radar 12 9 3.00
IIDA Icing Bases & Tops 13 8 3.00
IIDA SLD Potential 14 7 3.00
1IDA lcing Type 14 7 3.00
IIDA Cloud Bases and Tops 16 6 2.50
IIDA SLD Bases and Tops 17 5 2.00
Stovepipe 18 1 2.00
Freezing Precip. Obs. 18 1 2.00




TABLE 3. EVENING SHIFT RANKINGS FOR PRODUCTS USED TO PRODUCE ICING
AIRMETS AND SIGMETS.

Product Rank Number of Users Median Ranking
Satellite 1 9 4.00
Graphical PIREPs 1 9 4.00
Text PIREPs 1 9 4.00
RAOB 1 9 4.00
AIRMETs 5 8 4.00
NNICE 5 8 4.00
IIDA Icing Bases & Tops 7 7 4.00
EPV Sounding 8 3 4.00
DA Icing Potential 9 9 3.50
NCAR/RAP Icing Algorithm 10 7 3.50
Radar 11 9 3.00
CAPPI 12 7 3.00
IIDA Cloud Bases and Tops 13 6 3.00
IIDA Icing Type 14 5 3.00
Model T&RH Soundings 14 5 3.00
Stovepipe 14 5 3.00
IIDA SLD Potential 17 7 2.50
IIDA SLD Bases and Tops 18 5 2.50
Freezing Precip. Obs. 19 5 2.00

TABLE 4. MID-SHIFT RANKINGS FOR PRODUCTS USED TO PRODUCE ICING AIRMETS

AND SIGMETS
Product Rank Number of Users Median Ranking
Satellite 1 10 4.00
Graphical PIREPs 2 9 4.00
Text PIREPs 2 9 4.00
NCAR/RAP lcing Algorithm 4 8 4.00
RAOB 4 8 4.00
NNICE 6 7 4.00
IIDA Icing Potential 7 10 3.00
Radar 7 10 3.00
IIDA Icing Bases & Tops 9 9 3.00
CAPPI 10 7 3.00
AIRMETs 11 6 3.00
IIDA Cloud Bases and Tops 11 6 3.00
Model T&RH Soundings 11 6 3.00
IIDA Icing Type 14 5 3.00
EPV Sounding 15 3 3.00
Stovepipe 15 3 3.00
IIDA SLD Potential 17 7 2.50
IIDA SLD Bases and Tops 18 6 2.25
Freezing Precip. Obs. 19 5 2.00
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The results of IIDA compared against similar type products (i.e., model and or observation-
based algorithms which diagnose or forecast the existence of icing) are shown in table 5. The
highest-ranking product is the NCAR/RAP Icing Algorithm, which also has the greatest longevity
in terms of availability for forecaster use of any of the products ranked. The other products also
appear to be ranked according to the amount of time they have been in existence at AWC. The
only exception to this is the Stovepipe algorithm. Comments during the assessment indicated
that forecasters tend to not perceive surface observations of freezing precipitation (a major
component of the Stovepipe algorithm) as a major factor in determining AIRMETs and
SIGMETs. This will be discussed more in section 6.

TABLE 5. MODEL AND OBSERVATION-BASED ALGORITHM RANKINGS

Product Rank Number of Users Median Ranking
NCAR/RAP 1 13 4.00
NNICE 2 12 4.00
IIDA Icing Potential 3 15 3.00
[IDA SLD Potential 4 12 3.00
Stovepipe 5 8 3.00

Within the IIDA itself, the results of the individual products and components are shown in

table 6. The Icing Potential, with Icing Bases and Tops ranked the highest, followed by SLD
Potential. Icing Type also recorded a median value of 3.0, but had fewer users than the other
top-ranking products and components. The SLD Bases and Tops were ranked the lowest,
possibly demonstrating less forecaster confidence in the vertical delineation of SLD conditions.

TABLE 6. 1IDA PRODUCTS AND COMPONENTS RANKINGS

Product Rank Number of Users Median Ranking
Icing Potential 1 15 3.00
Icing Bases and Tops 2 13 3.00
SLD Potential 3 12 3.00
Icing Type 4 11 3.00
Cloud Bases and Tops 5 12 2.75
SLD Bases and Tops 6 11 2.50

5.2.2 lcing and SLD Potential Range.

As stated in section 4.5.2, forecasters subjectively compared areas identified by the lcing
Potential and SLD Potential products as having icing with regions having the greatest
concentration of moderate or greater PIREPs. Table 7 presents the ratings that forecasters
used in the comparison.
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TABLE 7. PIREP COMPARISON RATING DEFINITIONS

Rating Definition
1 No PIREPs were available

The product did not identify icing in regions where PIREPs were identified

Product values of 0-20 were where PIREPs were identified

Product values of 20-40 were where PIREPs were identified

Product values of 40-60 were where PIREPs were identified

Product values of 60-80 were where PIREPs were identified

NO O {WIN

Product values of 80-100 were where PIREPs were identified

The results of the Icing Potential comparison are shown in figure 1. Frequency distributions are
used to identify where the greatest concentration of moderate or greater icing PIREPs occurred
in comparison to the Icing Potential range. Figure 1a includes the cases when PIREPs were
not available to the AWC area forecasters (value 1.0 on the horizontal axis in figure 1a). Many
of these cases may have occurred during the late night when air traffic is at a minimum. Figure
1b removes the cases when PIREPs were not available and only shows the results when
PIREPs were available. This latter result shows that 51 percent of the cases had the greatest
concentration of moderate or greater PIREPs corresponding to Icing Potential ranges of greater
than 60.

(a) (b)
Icing Potential Range Performance Icing Potential Range Performance

n=52 n=35

Frequency
S
Frequency

1.0 2.0 3.0 4.0 5.0 6.0 7.0 20 3.0 4.0 5.0 6.0 7.0

Icing Potential Range lcing Potential Range

FIGURE 1. FREQUENCY DISTRIBUTION OF THE COMPARISON BETWEEN ICING
POTENTIAL AND MODERATE OR GREATER PIREPS

Note: (a) all cases (number of responses, n = 52) and (b) cases with no PIREPs available
removed (n = 35). Horizontal axis values are defined in table 7.

Results for the SLD Potential comparison with moderate or greater PIREPs are shown in
figure 2. The range values are the same as given in table 7. Figure 2a includes the cases
when PIREPs were not available. Figure 2b removes the cases when PIREPs were not
available. The results demonstrate that 60 percent of the time, the SLD Potential did not
identify the greatest concentration of moderate or greater PIREPs. However, it is not known
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whether this result is from the performance of the product or due to a lack of actual SLD
conditions in the atmosphere during the assessment phase. Section 6 addresses this situation

further.
(@) (b)
SLD Potential Range Performance SLD Potential Range Performance
n=52 n=35

Frequency
Frequency

1.0 20 3.0 4.0 5.0 6.0 7.0 2.0 3.0 4.0 5.0 6.0 7.0

SLD Potential Range SLD Potential Range

FIGURE 2. FREQUENCY DISTRIBUTION OF THE COMPARISON BETWEEN SLD
POTENTIAL AND MODERATE OR GREATER PIREPS

Note: (a) all cases and (b) cases with no PIREPs available removed. Horizontal axis values
are defined in table 7.

5.2.3 IIDA Added Value.

AWC area forecasters were asked to comment on whether the IIDA provided additional
knowledge to icing situations that could not have been perceived from existing products. Out of
a possible 52 responses, forecasters provided comments on 41 occasions (a 79-percent
response rate). Overall responses were negative, with the majority indicating that the IIDA did
not provide anything beyond what other diagnostics and algorithms provided. In addition,
forecasters stated that on several occasions lIDA overforecasted (as do many other current
techniques); on occasion did not identify isolated moderate reports of icing; and depicted the
cloud tops too high. Other single responses included the icing tops were too low; IIDA depicted
icing in cirrus clouds; and bases were too low.

The few positive responses indicated that on two occasions during the 2-week daily
questionnaire period, lIDA identified low-level icing situations whereas other techniques did not.
On two other occasions, the 1IDA identified icing areas better than the NCAR/RAP algorithm.

Unedited forecaster comments on whether the 1IDA provided additional knowledge to icing
situations are listed in their entirety in appendix C.

5.3 OBSERVATIONS AND INTERVIEW RESULTS.

After the daily questionnaire phase had been completed, ACT-320 personnel observed and
interviewed 10 of the 17 AWC area forecasters. Structured interview questions were used to
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allow forecasters to expand upon or clarify information obtained from the daily questionnaire.
The interview questions and summarized responses are provided in the following sections.
Complete forecaster responses to the structured interview questions are included in
appendix D.

5.3.1 Question #1.

Did you use the IIDA for producing Icing AIRMETs/SIGMETs? Please explain why or why not.

Five respondents commented that they did not use [IDA very much. The reasons for not using
IIDA included:

There was no forecast as part of 1IDA;

Existing AWC products (such as PIREPs and surface observations) were sufficient;
A forecaster was not familiar with the algorithm;

New products are not used unless they immediately demonstrate superior results;
Availability problems;

A new area forecaster was becoming familiar with AWC systems;

One forecaster did not predominantly work forecast shifts during the assessment.

@000 o

Five respondents commented that they did use the IIDA for producing Icing AIRMETs.
Explanations included:

a. It was useful as a starting point in determining where current icing existed;
b. It was useful during midnight shifts when PIREPs were at a minimum.

It should be noted that forecasters who used the IIDA in producing Icing AIRMETSs indicated
that the DA output was very similar to existing AWC products and that a forecast component
would have been more beneficial in producing an AIRMET.

No area forecasters reported that they used IIDA to produce Icing SIGMETs. SIGMETSs tend to
be driven by PIREPSs of severe icing and forecasters rarely issue SIGMETs based only upon
guidance information.

5.3.2 Question #2.

How did IIDA information compare to other icing information sources?

Overall, 7 out of 10 AWC area forecasters interviewed responded negatively. Many of the
responses indicated that the 1IDA was too similar to existing sources and did not provide any
information that was not already available. Specific comments included:

a. [IDA was too similar to existing products with no new information presented;

b. 1IDA did not reduce the area coverage of icing potential -- large areas were covered like
other algorithms do;

c. |IDA improved only a little upon the NCAR/RAP algorithm;
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d. A detection product does not help -- a forecast is needed;

e. Meso Eta output is preferred since the RUC (which is used in the 1IDA) tends to not do
as well in depicting moisture.

Three respondents compared 1IDA favorably to other icing information sources. Comments
included:

a. The IIDA is a good diagnostic tool with most of the icing appearing to occur in the Icing
Potential range of 70 and higher;

b. 1IDA appeared to reduce the coverage given by the Stovepipe algorithm;
c. The IIDA was not compared to other sources, however, the integration of information
was useful and would be helpful during data sparse times. Normally, the forecaster must look

at several profiles of icing information.

5.3.3 Question #3.

What components, if any, did you find most useful? Why?

Overall, AWC forecasters found the Icing Potential to be the most useful product, followed by
Icing Bases and Tops, and Cloud Bases and Tops. Specific comments included:

a. Six respondents reported that Icing Potential was most useful since it appeared to be
more accurate than other components (e.g., SLD Potential);

b. Four respondents reported that Icing Bases and Tops were useful;

c. Two respondents reported that Cloud Bases and Tops were useful since they appeared
to be accurate.

Although the question asked for components that were useful, many respondents commented
on components they found least useful, inadequate, or unreliable. These inciuded:

a. Six respondents reported that SLD components (potential, tops, and bases) were not
useful or needed;

b. Three respondents stated that Icing Type was not useful or very applicable;
c. One respondent stated |IDA was not useful because it lacked a forecast capability;

d. One respondent stated existing algorithms identify the potential for icing -- an aIgorlthm
for icing intensity is needed;

e. One respondent stated that Icing Tops was less useful than expected since icing and
cloud tops were 4,000’ - 6,000’ too high;

f. One respondent stated that SLD bases and tops were not useful due to the lack of
PIREPSs to substantiate them.
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5.3.4 Question #4.

Describe typical situations, if any, where the algorithm and/or its components performed well.

Overall, the IIDA appeared to perform best when icing was the result of organized, synoptic-
scale weather systems. Specifically:

a. Four respondents reported that [IDA performed well with well defined or organized,
synoptic situations. However, it was noted that other icing information sources also performed
well under these situations;

b. One respondent reported that although DA performed well with organized synoptic
situations, the icing situation was aiready known due to pattern recognition built by experience;

c. Six respondents did not identify any situations where the 1IDA performed well.

5.3.5 Question #5

Describe typical situations, if any, where the algorithm and/or its components performed poorly.
Forecasters identified a variety of situations where the 1IDA appeared to perform poorly.
Several of these situations involved cloud levels. The SLD Potential product and components
were also identified as performing poorly. Specific responses included:

a. IIDA did not always work well identifying low level icing (i.e., less than 10,000’) -- the
lower the icing the worse the performance;

b. 1IDA would often identify icing when low-topped clouds existed 1,000 - 2,000’ below the
freezing level (i.e., in warm temperatures);

c. No icing was identified above 16,000’ in the vicinity of the Rockies;

d. DA did not identify any icing with a very apparent icing producing synoptic system with
layered clouds in the Pacific Northwest;

e. West area forecasters noted that terrain influences many icing situations -- lIDA, and in
particular SLD Potential, did not seem to identify icing in the west region;

f. One respondent reported underdetection of icing at low levels in the northern Rockies;

g. One respondent reported that icing bases and tops appeared to have a low bias in the
west;

h. One respondent reported that cloud tops appeared to be lower than their actual heights,
while cloud bases appeared accurate.
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Specific SLD-related responses included:

a. One respondent noted that the SLD Potential and Icing Type did not appear to be
correlated,;

b. One respondent reported that SLD Potential greatly reduced the identified icing areas by
producing “islands” of icing, but the product does not appear to relate to anything;

c. One respondent reported that SLD areas were too small to meet AIRMET criteria.

5.3.6 Miscellaneous Responses.

Many of the AWC area forecasters offered comments in addition to the structured interview
questions. Many of the comments concerned product improvements and are summarized as
follows:

a. Seven of the ten respondents identified a forecast out to 12-18 hours as a necessary
component;

b. Three respondents reported reliability issues as having a negative impact citing long
down times, software glitches, and product update problems;

c. Two respondents recommended that vertical velocity fields be added;

d. Two respondents reported that lIDA display products needed smoothing to remove the
blocky appearance;

e. Two respondents reported that testing should be done during the middle of the winter
season in order to obtain a fair assessment;

f. One respondent recommended removing convective areas since convective-related
icing is not an AIRMET criterion;

g. One respondent identified icing intensity as a necessary improvement;
h. One respondent suggested thresholding in order to decrease the identified areas;
i.  One respondent reported that a better way of depicting muiltiple cloud layers is needed,;

j. One respondent reported that the questionnaire needs to be located at the forecaster’'s
work area.
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5.4 END-OF-ASSESSMENT QUESTIONNAIRE.

Results for the End-of-Assessment Questionnaire are given in the following sections. As stated
in section 4.5.5, products and components were rated in the areas of Utility, Reliability, and
Accuracy. Results are shown for each lIDA product and component that was available to AWC
area forecasters. Definitions used in the rating are in table 8, while the rating scale used for all
three areas is in table 9. Note that in many cases a middle rating of “3 = Borderline” is
construed as neutral, however, for the [IDA Assessment the rating is slightly positive due to the
use of adequate in the definition. :

TABLE 8. QUESTIONNAIRE RATING DEFINITIONS

Rating Area Definitions

Utility - The algorithm or component is useful, meets job requirements and responsibilities and
aids in detecting and diagnosing areas of in-flight icing. An algorithm or component may be
useful, but not accurate in detecting or diagnosing areas of in-flight icing.

Reliability — Algorithm/components are consistently working without problems. Data is
provided consistently.

Accuracy - This refers to perceived accuracy of the algorithm or component. An algorithm or
component may be perceived as accurate, but not useful in detecting or diagnosing areas of in-
flight icing.

TABLE 9. QUESTIONNAIRE RATING SCALE DEFINITIONS

Rating Scale Definitions

1 = Largely Unacceptable - This response indicates the algorithm/component being assessed
consistently impedes your ability to meet the requirements of your job; likely to lead to
degradation of job performance.

2 = Barely Unacceptable - This response indicates the algorithm/component being assessed
frequently impedes your ability to meet the requirements of your job; may lead to degradation of
job performance.

3 = Borderline - This response indicates that, although the algorithm/component being
assessed is adequate, minor improvements would make it more helpful.

4 = Barely Acceptable - This response indicates the algorithm/component being assessed
frequently enhances your ability to meet the requirements of your job; may lead to enhanced
job performance.

5 = Largely Acceptable - This response indicates the algorithm/component being assessed
consistently enhances your ability to meet the requirements of your job; likely to lead to
enhanced job performance.

NA - you have never used the algorithm/component in question.

5.4.1 Icing Potential.

Resuits for the Icing Potential product are shown in figure 3. Utility ratings, shown in figure 3a,
indicate that the AWC forecasters perceived the product as useful with 75 percent of
respondents giving a positive rating (i.e., 3 or higher). Reliability ratings, shown in figure 3b,
indicate that 66 percent of the respondents gave the product a positive rating. However, 25
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percent of the respondents rated the reliability as impeding their ability to meet the
requirements of their job or degrading their job performance. It should be noted that IIDA was

not provided from a 24-hour per day operation, thus, around-the-clock availability for the
assessment was not to be expected. Accuracy ratings, shown in figure 3c, indicate that the
majority of AWC forecasters (91 percent) perceived the Icing Potential as being accurate.

(@) (b)

Icing Potential Utility Rating Icing Potential Reliability Rating

n=12 n=12

41.7%

Frequency
Frequency

Rating Rating

(c)
lcing Potential Accuracy Rating
n=12

Frequency

1.0 20 3.0 4.0 5.0

Rating

FIGURE 3. ICING POTENTIAL QUESTIONNAIRE RESULTS

Note: In each figure, the distribution of results is shown, the total number (n) of responses, and
the percentage of responses for each rating scale.
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5.4.2 SLD Potential.

Results for the SLD Potential product are shown in figure 4. In contrast to the mostly favorable
ratings given to the Icing Potential, the preponderance of ratings for the SLD Potential were
negative in each of the three rating areas. Utility ratings, shown in figure 4a, indicate a mixed
reaction to the usefulness of the SLD Potential. However, the majority of the responses were 3
(i.e., borderline) or below, indicating that AWC forecasters believe improvements would be
helpful. Reliability ratings, shown in figure 4b, indicate that the majority of forecasters believed
the reliability to be borderline or below. Accuracy ratings, shown in figure 4c, indicate that over
66 percent of forecasters rated the accuracy of the SLD Potential product as unacceptable
